A new scheme for optical emission using a high refractive index waveguide and the traveling electron beam in vacuum was demonstrated. Optical emission around wavelength of 1.5 m μ was observed for electron acceleration voltage of 40KV.
Introduction
Technology of opto-electronics have been successfully developed with invention of lasers. However, a lacking feature of conventional lasers is not having uni-directional property for optical amplification. We had theoretically proposed a scheme [1, 2] to realize the unidirectional optical amplification, where a forward propagating optical light can be amplified but another field component propagating in backward direction is never amplified. This new type of amplifier consists of a high refractive index waveguide and an electron gun in the vacuum environment. This amplifier also should work as an optical emitter by same principle with the amplifier. Here we report experimental observation of optical emission to ensure this new scheme.
Principle of optical emission
Configuration of this experiment is illustrated in Fig.1 . A slab waveguide whose core has high refractive index is set in a vacuum chamber with an electron gun. Electron beam is emitted from the electron gun with accelerated voltage V and travels along surface of the optical waveguide. The waveguide is designed to propagate an optical guided mode in the direction of the traveling electron and a part of the optical field penetrates into vacuum space. The guided mode should have an electric component (polarization) along propagating direction. That is a TM (transverse magnetic) mode in the slab waveguide. The electron beam can interact with the optical guided mode through penetrated portion into the vacuum space. When the group velocity v e of the traveling electron becomes slightly faster than the phase velocity v opt , optical emission is generated. This type of optical emission is belong regime of Cerenkov radiation. The optical emission is one type of spontaneous emission because there is no artificially incident optical field , but we call here to be guided spontaneous emission to distinguish from conventional spontaneous emission which emits for all spatial directions with all polarizations. 
Experimental observation
An electron gun for RHEED measurement was diverted for this experiment. There was no incident light used in the previous our experiment [3] .
The optical light was emitted from edge of the waveguide and was taken through a viewport of the vacuum chamber to outside space and detected after passing a polarization analyzer and monochromator. Examples of measured spectrum are shown in Fig.3 for the electron accelerating voltage of 40KV. Closed circles in this figure are data of the TM mode which has an electric field component along traveling direction. Open circles are data of the TE (transverse electric) mode which has no electric component along traveling direction. The optical emission was observed for the TM mode, but was not for the TE mode. Since Si crystal is transparent for longer wavelength than 1.2 m μ , these emission are never conventional optical emission by material itself.
Conclusions
We theoretically predicted a new scheme of optical emission using traveling electron beam and slowed down optical light. Optical emission based on proposed scheme was experimentally observed and detailed conditions to get the emission were determined.
